TITLE OF THE INVENTION 

ULTRASONIC TRANSMITTER, ULTRASONIC TRANSCEIVER 
AND SONAR APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an ultrasonic 
transmitter for radiating ultrasonic waves into a body of 
water, for instance, an ultrasonic transceiver for 
radiating ultrasonic waves and receiving echoes of the 
radiated ultrasonic waves, and a sonar apparatus including 
an ultrasonic transceiver for detecting objects using 
ultrasonic waves. 

2 . Description of the Related Art 

Today, sonar apparatuses, such as scanning sonars, are 
widely used for detecting underwater objects. A scanning 
sonar for detecting underwater objects all around has a 
generally cylindrical transducer. The scanning sonar forms 
an ultrasonic transmitting beam oriented in all directions 
around the transducer by activating transducer elements 
arranged on a cylindrical surface of the transducer. Also, 
the scanning sonar forms a receiving beam oriented in a 
particular horizontal direction using a specific number of 
vertically arranged sets, or columns, of transducer 
elements centered on that horizontal direction. Typically, 



this receiving beam is rotated around the transducer to 
detect underwater objects in a full-circle area by 
successively switching the columns of transducer elements. 

This kind of scanning sonar includes an ultrasonic 
transceiver which employs a swi t ching - type or linear-type 
push-pull circuit including a transformer as a circuit for 
generating a driving pulse signal for activating the 
transducer elements. Shown in FIG. 13 is an example of a 
driving pulse signal generator circuit employing a 
swi t ching - type circuit configuration for generating a 
driving pulse signal as shown in FIG. 14. Shown in FIG. 15 
is an example of a driving pulse signal generator circuit 
employing a linear-type circuit configuration for 
generating a driving pulse signal. 

FIG. 13 is an equivalent circuit generally showing the 
configuration of the swi tching - type driving pulse signal 
generator circuit, in which designated by the numeral 1 is 
a transducer element, designated by Trl and Tr2 are 
transistors, and designated by VB is a driving voltage of 
the driving pulse signal generator circuit. FIG. 14 is a 
time chart showing signal states in the driving pulse 
signal generator circuit of FIG. 13. 

FIG. 15 is an equivalent circuit generally showing the 
configuration of the linear-type driving pulse signal 
generator circuit, in which designated by the numeral 1 is 



a transducer element, designated by the numeral 2 is a 
digi tal - to - analog (D/A) converter, designated by the 
numeral 3 is an amplifier, designated by the numeral 4 is 
an inverting amplifier, designated by Trl and Tr2 are 
transistors, and designated by VB is a driving voltage of 
the driving pulse signal generator circuit. 

In the swi tching - type driving pulse signal generator 
circuit shown in FIG. 13, rectangular pulse signals of 
opposite polarities (180° shifted in phase) of a specific 
frequency are input into the transistors Trl, Tr2 . As the 
transistors Trl, Tr2 are alternately switched on and off by 
the input rectangular pulse signals with specific timing, 
the driving pulse signal generator outputs a driving pulse 
signal of which waveform is shown by broken lines in FIG. 
14, and this driving pulse signal is applied to the 
transducer element 1 across both terminals thereof. A 
prior art example of this kind of swi tching - type driving 
pulse signal generator circuit is described in Japanese 
Patent Application No. 2001-401798, for instance. 

In the linear-type driving pulse signal generator 
circuit shown in FIG. 15, the D/A converter 2 converts an 
input rectangular pulse signal into an analog signal and 
delivers this analog signal to the amplifier 3 and the 
inverting amplifier 4. The amplifier 3 amplifies the input 
analog signal while the inverting amplifier 4 amplifies the 



input analog signal with a 180° phase shift (opposite 
polarity). As the two analog signals of opposite 
polarities (180° shifted in phase) are input into the 
transistors Trl, Tr2, the two transistors Trl, Tr2 are 
alternately switched on and off with specific timing to 
produce a driving pulse signal of a desired waveform, which 
is applied to the transducer element 1 across both 
terminal s thereof. 

The ultrasonic transceiver of the conventional 
scanning sonar has a pending problem to be solved as will 
be explained below. 

Since the aforementioned s wi t ching - type driving pulse 
signal generator circuit produces the driving pulse signal 
from rectangular pulse signals of a fixed waveform, the 
resultant driving pulse signal also has a rectangular 
waveform as shown in FIG. 14. 

If a transducer element is driven by the driving pulse 
signal having a rectangular envelope as shown in FIG. 14, 
an ultrasonic wave radiated from the transducer element 
contains not only a desired transmitting frequency 
component fo which is predefined but also undesired 
frequency components of high amplitude levels as shown in 
FIG. 16A. 

If a scanning sonar installed on own ship transmits 
ultrasonic waves underwater from a transducer of which 
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transducer elements are driven by driving pulse signals 
having a rectangular envelope as stated above, the 
transducer radiates not only the desired frequency 
component fo but also the undesired frequency components. 
On the other hand, if another ship near own ship is fitted 
with her own sonar apparatus which transmits and receives 
ultrasonic waves at a frequency fi which is different from 
but relatively close to the transmitting frequency fo of 
the own ship's scanning sonar, the sonar apparatus on the 
nearby ship receives at least part of the undesired 
frequency components radiated from the own ship's scanning 
sonar. Since echo signals received by the sonar apparatus 
on the nearby ship are affected by the undesired frequency 
components radiated from the own ship's scanning sonar, the 
sonar apparatus on the nearby ship would present 
interference fringes or false images. 

It is necessary to match the transducer with a 
transmitting beamf orming circuit in impedance to transfer 
the driving pulse signal to the transducer with small 
transmission loss, and this requires a matching circuit to 
be inserted between the transducer and the transmitting 
beamforming circuit. However, frequency response (transfer 
function) of this kind of matching circuit often contains 
components (spurious) responsive to frequencies other than 
a center frequency. If the driving pulse signal having a 



rectangular envelope is transferred through this matching 
circuit, the spurious components of the transfer function 
will be superimposed on the driving pulse signal. These 
spurious components cause a damped oscillatory transient 
known as "ringing" immediately following a trailing edge of 
the envelope of the driving pulse signal, where a sudden 
change in signal level occurs, as shown in FIG. 17. When 
such a ringing phenomenon occurs, a single underwater 
object (or target) will return multiple target echoes, 
causing the sonar to detect false targets. In addition, 
the oscillatory transient caused by the ringing phenomenon 
following the rectangular - shaped driving pulse signal 
overlaps echo signals received immediately after 
transmission of a rec tangul ar - shaped ultrasonic pulse 
signal, making it impossible to receive echoes from nearby 
targets, such as bottom echoes in shallow areas. 

To overcome this problem, it is generally needed to 
reshape the rec tangular - shaped driving pulse signal such 
that it has a gradually rising leading edge as well as a 
gradually falling trailing edge. It is however impossible 
to control the envelope shape of the driving pulse signal 
such that its amplitude varies gradually by the 
aforementioned conventional swi tching - type circuit 
configuration which produces the driving pulse signal from 
rectangular pulse signals of a fixed waveform. Thus, the 



conventional swi t ching - type circuit configuration is 
associated with a problem that it can not produce a driving 
pulse signal of a desired waveform. 

In order to control directivity of ultrasonic waves 
transmitted from the transducer, it is necessary to set 
spatial weights of the ultrasonic waves emitted from 
individual transducer elements. In other words, particular 
weights should be assigned to the amplitude of the 
ultrasonic waves emitted from the individual transducer 
elements arranged on the transducer to produce desired 
transmitting directivity. Again, it is impossible to vary 
the amplitude of the ultrasonic waves with the conventional 
s wi tching - type circuit configuration which produces the 
driving pulse signal from rectangular pulse signals of a 
fixed waveform, unless the amplitude of a power supply 
voltage waveform is varied. Although a variable voltage 
power supply circuit can produce a power supply voltage 
waveform of a varying amplitude, the variable voltage power 
supply circuit uses a capacitor of a large capacity which 
requires a long time for charging and discharging. It is 
therefore impracticable to use a variable voltage power 
supply circuit for driving the transducer of which 
transducer elements must be switched at a high speed. 

In contrast, the aforementioned linear-type driving 
pulse signal generator circuit makes it possible to shape 



the waveform of the driving pulse signal and vary its 
amplitude in an arbitrary fashion. However, it is 
necessary to provide D/A converters for the individual 
transducer elements in the linear-type circuit 
configuration and this results in large power consumption. 
Also, the linear-type circuit configuration necessitates a 
large number of components, resulting in an increase in 
overall equipment size. Furthermore, since the transistors 
Trl, Tr2 are operated in their non - saturation area, there 
occurs a large loss, making it impossible to achieve high 
efficiency. 



SUMMARY OF THE INVENTION 

It is an object of the invention to provide a compact, 
low-loss ultrasonic transmitter which makes it possible to 
suppress the occurrence of undesired transmitting frequency 
components by controllably shaping driving pulse signals 
for driving transducer elements of a transducer into a 
desired waveform (envelope shape) and to instantly set up 
desired spatial weights to be assigned to ultrasonic waves 
emitted from the individual transducer elements through a 
pu 1 s e - du r a t i on modulation process. It is a further object 
of the invention to provide an ultrasonic transceiver and a 
sonar apparatus including such an ultrasonic transmitter. 

According to the invention, an ultrasonic transmitter 



includes a transducer having a plurality of transducer 
elements arranged on a surface of the transducer, and a 
transmitting beamformer for forming an ultrasonic 
transmitting beam by driving the multiple transducer 
elements with a driving pulse signal. The transmitting 
beamformer of this ultrasonic transmitter is characterized 
by including a driving pulse signal generator for 
generating a carrier drive signal through a pul se - duration 
modulation (PDM) process and the driving pulse signal while 
controlling its amplitude and envelope based on the carrier 
drive signal . 

In the ultrasonic transmitter thus structured, the 
driving pulse signal generator shapes the envelope of the 
carrier drive signal in a controlled fashion as shown in 
FIG. 18A by pu 1 s e - du r a t i on - mo du 1 a t i ng a reference signal 
from which the driving pulse signal fed into each of the 
transducer elements is produced. It is possible to 
suppress undesired frequency components radiated from the 
transducer without losing desired frequency components as 
shown in FIG. 18B by controlling the envelope shape 
(waveform) of each pulse of the driving pulse signal as 
shown in FIG. 18A. This serves to prevent interference 
between ultrasonic signals transmitted at close frequencies 
from two sonar systems installed on nearby ships. 

In one feature of the invention, the driving pulse 
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signal generator includes a control signal generator for 
generating a rectangular pulse signal (pulse signal) of a 
specific frequency and a control signal for controlling the 
waveform of a reference signal on which the pu 1 s e - du r a t i on 
modulation process is performed, and a carrier drive signal 
generator for generating the carrier drive signal by pulse- 
duration -modulating the reference signal based on the 
rectangular pulse signal and the control signal. 

In the ultrasonic transmitter thus structured, the 
reference signal is generated using the rectangular pulse 
signal of a fixed pulse repetition period and the control 
signal specifying points of level changes in the reference 
signal at the timing of each level change in the 
rectangular pulse signal as shown in FIGS. 5A through 5F. 
The carrier drive signal and the driving pulse signal 
formed of the carrier drive signal are finally obtained by 
passing the reference signal thus generated through a 
matching circuit. 

In another feature of the invention, the control 
signal generated by the driving pulse signal generator is a 
signal made up of binary values 0 and 1. 

In the ultrasonic transmitter thus structured, it is 
possible to generate the control signal from a simple 
signal containing only the binary values 0 and 1. 

In still another feature of the invention, the 
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transmitting beamformer controls directivity of the 
transmitting beam by varying the amplitude of the driving 
pulse signal for driving each of the multiple transducer 
elements and the amount of time delay introduced into the 
driving pulse signal based on weight data and time delay 
data previously stored in the driving pulse signal 
generator . 

In the ultrasonic transmitter thus structured, the 
driving pulse signal for driving each of the multiple 
transducer elements is produced through the aforementioned 
pul s e - dur a t i on modulation process in such a manner that the 
driving pulse signals fed into the individual transducer 
elements have different amplitudes and different time 
delays. It is possible to form a transmitting beam having 
specific directivity by setting spatial weights and the 
amounts of time delay for the individual transducer 
elements of the transducer in this fashion. 

In yet another feature of the invention, the carrier 
drive signals from which the driving pulse signals to be 
fed into the individual transducer elements are produced 
have different frequencies. 

In the ultrasonic transmitter thus structured, it is 
possible to transmit the driving pulse signals formed of 
the carrier drive signals of different frequencies in 
multiple sounding directions and thereby form ultrasonic 
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transmitting beams directed in the individual sounding 
directions using the different frequencies substantially at 
the same time, because the carrier drive signals from which 
the driving pulse signals to be fed into the individual 
transducer elements are produced have different 
frequencies . 

According to the invention, an ultrasonic transceiver 
includes the aforementioned ultrasonic transmitter, and a 
receiving beamformer for forming an ultrasonic receiving 
beam by controlling signals produced by the multiple 
transducer elements of the transducer upon receiving echoes 
of the ultrasonic transmitting beam radiated by the 
ultrasonic transmitter. 

The ultrasonic transceiver thus structured forms the 
ultrasonic receiving beam by radiating the ultrasonic 
transmitting beam underwater from the multiple transducer 
elements of the transducer during successive transmit 
cycles, receiving the echoes of the ultrasonic transmitting 
beam with the individual transducer elements during 
successive receive cycles, and controlling the signals 
produced by the individual transducer elements. 

According to the invention, a sonar apparatus includes 
the aforementioned ultrasonic transceiver, and a device for 
controlling the receiving beamformer to scan successive 
sounding directions within the transmitting beam and pick 
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up echo signals from the individual sounding directions and 
for displaying detected echo data obtained from the echo 
signals. 

Overall, it is possible to suppress undesired 
transmitting frequency components radiated from the 
transducer while maintaining desired transmitting frequency 
components by generating the carrier drive signal by the 
PDM process and controllably shaping the envelope of the 
carrier drive signal, or the driving pulse signal, based on 
the carrier drive signal according to the present 
invention. This serves to prevent interference between 
ultrasonic signals transmitted at close frequencies from 
two sonar systems installed on nearby ships. 

It is also possible to arbitrarily set spatial weights 
and the amounts of time delay of the ultrasonic signals 
radiated from the individual transducer elements of the 
transducer by controlling the amplitude of the driving 
pulse signal by the PDM process and controlling the amounts 
of time delay. This makes it possible to generate 
satisfactory ultrasonic transmitting signals in which the 
occurrence of side lobes and undesired frequency components 
are well suppressed at the same time. 

Also, since the driving pulse signal is controllably 
shaped into a curved waveform having a gradually rising 
leading-edge portion and a gradually falling t rai 1 ing - edge 
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portion as shown in FIG. 18A, it is possible to prevent 
super impos i t ion of the undesired frequency components in 
signal transmission and to transmit the driving pulse 
signal to each of the transducer elements with small 
transmission loss. 

Furthermore, it is possible to achieve a reduction in 
equipment size as the driving pulse signal can be shaped 
into a desired waveform without using D / A converters. 

According to the invention, it is possible to generate 
the reference signal using the rectangular pulse signal 
(clock signal) of a fixed pulse repetition period and the 
control signal specifying points of level changes in the 
reference signal at the timing of each level change in the 
rectangular pulse signal and produce the carrier drive 
signal having a desired waveform from the reference signal 
through the aforementioned PDM process. In addition, it is 
possible to generate the desired reference signal from a 
simple signal by configuring the control signal containing 
only the binary values 0 and 1. This makes it possible to 
produce the driving pulse signal having a desired waveform. 

According to the invention, it is possible to form 
ultrasonic transmitting beams directed in multiple sounding 
directions substantially at the same time by using carrier 
drive signals of different frequencies to produce driving 
pulse signals for driving the individual transducer 
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elements of the transducer. 

These and other objects, features and advantages of 
the invention will become more apparent upon reading the 
following detailed description in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a transmi t - receive 
channel configuration of a scanning sonar according to a 
preferred embodiment of the invention; 

FIG. 2 is a block diagram of a control section for 
controlling multiple transmi t - receive channels of the 
scanning sonar ; 

FIG. 3 is a conceptual diagram showing an example of 
data content of a memory map stored in a waveform memory; 

FIG. 4 is a block diagram of a weight control section 
of a carrier drive signal generating circuit; 

FIGS. 5A, 5B, 5C, 5D, 5 E , 5 E 1 and 5F are a time chart 
showing a relationship among various signals generated by 
and transferred among individual circuits shown in FIGS. 1 
and 2 ; 

FIG. 6 is a circuit diagram showing the configuration 
of a driver circuit; 

FIG. 7 is a diagram showing waveforms at various 
points of the driver circuit shown in FIG. 6; 
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FIG. 8 is a diagram showing frequency components of 
ultrasonic signals transmitted and received by sonars 
installed on two nearby ships; 

FIGS. 9A and 9B are diagrams showing waveforms of 
driving pulse signals; 

FIG. 10 is a conceptual diagram showing another 
example of data content of a memory map stored in a 
waveform memory; 

FIGS. 11A, 11B, 11C and 11D are diagrams showing how a 
reference signal and a carrier drive signal are produced by 
combining pulse drive signals of two different frequencies; 

FIGS. 12A and 12B are time charts showing a 
relationship among various signals generated by the 
individual circuits shown in FIGS. 1 and 2 in a varied form 
of the embodiment; 

FIG. 13 is an equivalent circuit generally showing the 
configuration of a swi tching - type driving pulse signal 
generator circuit; 

FIG. 14 is a time chart showing signal states in the 
driving pulse signal generator circuit of FIG. 13; 

FIG. 15 is an equivalent circuit generally showing the 
configuration of a linear-type driving pulse signal 
generator circuit; 

FIGS. 1 6 A and 16B are diagrams showing frequency 
spectra of ultrasonic signals produced by using driving 



- 16 - 



pulse signals having a rectangular waveform; 

FIG. 17 is a diagram showing an ultrasonic 
transmitting signal produced from a rectangular - shaped 
driving pulse signal; and 

FIGS. 18A and 18B are a diagram showing a waveform of 
a driving pulse signal of which envelope is controllably 
shaped according to the invention and a frequency spectrum 
of the driving pulse signal. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

A scanning sonar including an ultrasonic transceiver 
according to a specific embodiment of the invention is now 
described with reference to the appended drawings. 

FIG. 1 is a block diagram generally showing the 
configuration of transmit - receive channels 100 of the 
scanning sonar. 

Referring to FIG. 1, each transmit - receive channel 100 
includes a driver interface 11 which generates a pulse 
drive signal for producing a reference signal, which is 
converted into a carrier drive signal through a pulse- 
duration modulation (PDM) process, based on a clock signal, 
a control signal and driving code data supplied from a 
la ter - described programmable transmitting beamformer 26. 
The driver interface 11 is essentially a programmable logic 
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device (PLD). A driver circuit 12 produces the reference 
signal from the pulse drive signal. A transmitting 
amplifier circuit 13 amplifies the reference signal and a 
transmi t - receive switching circuit 14 produces the carrier 
drive signal (of which envelope is hereinafter referred to 
as a driving pulse signal) and supplies it to a transducer 
element 10 through a transmi t - side matching circuit 19a. 
The transmi t - receive switching circuit 14 passes an output 
signal of the transmitting amplifier circuit 13 fed through 
the t ransmi t - s ide matching circuit 19a to the transducer 
element 10 during each successive transmit cycle and passes 
an echo signal received by the transducer element 10 to a 
preamplifier 15 through a receive-side matching circuit 19b 
during each successive receive cycle. The preamplifier 15 
amplifies the received echo signal and a bandpass filter 16 
in a succeeding stage removes noise components contained in 
the received echo signal existing outside the passband of 
the bandpass filter 16. An analog - to - digi tal (A/D) 
converter 17 samples the echo signal filtered by the 
bandpass filter 16 at specific sampling intervals and 
converts the sampled signals into a train of digital echo 
data. 

The scanning sonar is provided with a plurality of 

such t ransmi t - rece ive channels designated 100a, 100b # , 

lOOn as much as the number of the transducer elements 10 
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which are arranged on a surface of a transducer having a 
cylindrical or spherical shape, for instance. 

FIG. 2 is a block diagram of a control section for 
forming a transmitting beam and a receiving beam using the 
multiple transmit - receive channels 100 shown in FIG. 1 and 
generating a detected echo image derived from a particular 
search area. An interface 20 shown in FIG. 2 is the same 
as that shown in FIG. 1. 
1. Transmitting System 

Referring to FIG. 2, the programmable transmitting 
beamformer 26 includes a carrier drive signal generating 
circuit 21, a waveform memory 24 and a transmit digital 
signal processor (DSP) 25. The carrier drive signal 
generating circuit 21 incorporates a timing generator 22 
and a coefficient table 23. The carrier drive signal 
generating circuit 21 is formed of a field-programmable 
gate array ( F PGA ) . The timing generator 22 generates a 
signal which gives timing of generating driving pulse 
signals. The transmit DSP 25 calculates amounts of time 
delays and weight values to be introduced into the 
transmi t - receive channels 100 of the individual transducer 
elements 10 and writes these data in the coefficient table 
23. The waveform memory 24 is a memory for temporarily 
storing waveform patterns having predefined amplitudes and 
other parameters based on which the driving pulse signals 
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are generated. FIG. 3 shows an example of a memory map of 
the waveform memory 24. An address space of the waveform 
memory 24 is divided into 8 blocks in which particular 
kinds of driving codes (8 kinds in the example of FIG. 3) 
differing only in amplitude values of the individual 
driving pulse signals are stored. The transmit DSP 25 
generates a control signal made up of binary values 0 and 1 
for controlling how the level (High or Low state) of an 
uncoded pulse drive signal should change and writes this 
binary-coded control signal in the waveform memory 24. 
Also, the transmit DSP 25 calculates and updates data 
content of the coefficient table 23 every transmit cycle. 

The carrier drive signal generating circuit 21 reads 
out weight values to be introduced into the individual 
transmi t - receive channels 100 from the coefficient table 23 
and sets upper addresses of the memory map stored in the 
waveform memory 24 from which driving codes representative 
of amplitude values corresponding to the weight values are 
to be read out. The individual transducer elements 10 are 
then weighted based on the weight values read from the set 
addresses. At the same time, the carrier drive signal 
generating circuit 21 performs offset control of lower 
addresses of the memory map of the waveform memory 24 based 
on delay data read out from the coefficient table 23, 
whereby the amounts of time delays to be introduced into 
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the individual transducer elements 10 are coarsely defined 
(coarse delay control operation). Then, the carrier drive 
signal generating circuit 21 carries out a precision delay 
control operation in 1-bit steps on driving code data (made 
up of 16 bits defining 16 points in time) which have been 
weighted and coarsely delayed based on the weight values 
and the delay data read out from the waveform memory 24 and 
the coefficient table 23, respectively. Like the 
aforementioned coarse delay control operation, this 
precision delay control operation is performed based on the 
delay data (precision delay data) stored in the coefficient 
table 23. The driving code data weighted and delay- 
controlled for the individual transducer elements 10 is 
generated by performing a sequence of operations in the 
aforementioned manner. 

The aforementioned delay control operation involves 
phase control operation performed based on phase data. 

Further, the carrier drive signal generating circuit 
21 reads out the control signal from the waveform memory 24 
and, referring to the coefficient table 23, delivers the 
control signal together with the clock signal to each of 
the transmi t - receive channels 100 through the interface 20. 

While weight control operation described above 
utilizes a software - based process, similar weight control 
operation can be performed by using a hardware 
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configuration shown in FIG. 4, for example. FIG. 4 is a 
block diagram of a principal circuit portion (weight 
control section) for performing such hardware - based weight 
control operation. 

When an unweighted driving code is input into a pulse- 
duration decoder 51 as shown in FIG. 4, the pu 1 s e - du r a t i on 
decoder 51 calculates a pulse duration from the input 
driving code by using a counter and outputs the calculated 
pulse duration to a driving code data pulse duration 
calculating block 52. The driving code data pulse duration 
calculating block 52 calculates a weighted pulse duration 
expressed in the form of driving code data based on the 
input pulse duration and weight data read out from the 
coefficient table 23 and outputs weighted pulse duration 
data thus calculated to a driving code encoder 53. The 
driving code encoder 53 generates weighted driving code 
data from the input weighted pulse duration data by using a 
counter . 

If such a hardware -based weight control section is 
provided, a waveform memory needs to simply store driving 
codes without any weight values. This makes it possible to 
reduce the amount of data to be stored in the waveform 
memory. In addition, the hardware configuration of FIG. 4 
for aiding in the weight control operation serves to reduce 
amounts of software-based operations, that is, 
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computational complexity or burdens imposed on DSP devices. 
2. Receiving System 

Referring again to FIG. 2, a buffer memory 27 is a 
memory for temporarily storing received echo data fed from 
the individual channels 100 through the interface 20. 
Designated by the numeral 28 is a programmable receiving 
beamformer including a receive DSP 29, a coefficient table 

30 and a receiving beamf orming processor 31. The receive 
DSP 29 calculates phases of echo signals received by the 
individual transducer elements 10 as well as weights to be 
assigned to the transducer elements 10 for each direction 
of the receiving beam and writes these parameters in the 
coefficient table 30. The receiving beamforming processor 

31 synthesizes the echo signals received by the individual 
transducer elements 10 by applying the phases and weights 
written in the coefficient table 30 to obtain a synthesized 
received echo signal. The receiving beamforming processor 
31 generates this synthesized received echo signal as time 
series data for each direction of the receiving beam and 
writes this data in a buffer memory 32. The receiving 
beamforming processor 31 is formed of an FPGA. 

Designated by the numeral 33 is a programmable filter 
which includes a filtering DSP 34, a coefficient table 35 
and a filtering processor 36. The filtering processor 36 
is formed of an FPGA. The filtering DSP 34 calculates a 
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filter coefficient for obtaining specific bandpass filter 
characteristics for each direction of the receiving beam 
and writes filter coefficients so obtained in the 
coefficient table 35. The filtering processor 36 performs 
mathematical operation as a finite impulse response (FIR) 
filter based on the filter coefficients stored in the 
coefficient table 35 and produces pa s s band - co r r ec t ed echo 
signals . 

An envelope detector 40 detects an envelope of the 
passband- corrected echo signal derived from each direction 
of the receiving beam. Specifically, the envelope detector 
40 detects the envelope by calculating the square root of 
the sum of the square of a real component of a time 
waveform and the square of an imaginary component of the 
time waveform. 

An image processor 41 converts received echo signal 
intensities at individual distances in each direction of 
the receiving beam into image information and outputs it to 
a display 42. As a consequence, the display 42 presents a 
detected echo image of a specific search area on-screen. 

An operating panel 39 is an input terminal for 
entering commands for setting the search area and other 
parameters as appropriate. A host central processing unit 
(CPU) 37 reads the commands entered through the operating 
panel 39 via an interface 38 and controls individual 
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circuit elements described above accordingly. 

3. Method of Generating Carrier drive signal and Driving 

Pulse Signal 

FIGS. 5A, 5B, 5C, 5D, 5E, 5E' and 5F are a time chart 
showing a relationship among individual signals. 

The transmit DSP 25 generates the clock signal (FIG. 
5A) , which is a pulse signal formed of rectangular - shaped 
pulses occurring at intervals of a specific pulse 
repetition period T, and the control signal (FIG. 5B) used 
for generating the reference signal, which is converted 
into the carrier drive signal through the aforementioned 
PDM process. The control signal is made up of the binary 
values 0 and 1 as stated earlier. This control signal, 
transmitted together with the clock signal, controls 
whether to change or hold a current level of the pulse 
drive signal. If the value of the control signal is "1," 
the level of the pulse drive signal is switched. If the 
value of the control signal is " 0 , " on the other hand, the 
pulse drive signal maintains its current level. 

The transmit DSP 25 determines an on-duty ratio, that 
is, the ratio of time during which the pulse drive signal 
is in a High state to total elapsed time, by using equation 
( 1 ) below: 



D(t) 




71 



(1) 
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where D(t) is the on-duty ratio and A(t) is the amplitude 
of an envelope waveform. For example, D(t) - 0 when A(t) = 
0, and D(t) = 1/2 when A(t) = 1. 

The driver interface 11 generates pulse drive signals 
1H (FIG. 5C) and 2H (FIG. 5D) based on the aforementioned 
clock signal and control signal. The driver interface 11 
generates these pulse drive signals 1H, 2H in a manner that 
satisfies the following two conditions: 

(1) Pulse trains of the pulse drive signals 1H and 2H 
contain alternately occurring pulses (High level 
portions), wherein neither of these pulses (the pulse 
drive signal 1H and 2H) continues to remain in the 
High state for an unduly long period. 

(2) There must be an interval corresponding to at least 
one clock pulse repetition interval (period T) 
between any successive pulses of the pulse drive 
signal 1H and the pulse drive signal 2H. 

The pulse drive signals 1H and 2H generated by the 
driver interface 11 in this way are input into the driver 
circuit 12 to produce the aforementioned reference signal 
(FIGS . 5E and 5E ' ) . 

FIG. 6 is a circuit diagram showing the configuration 
of the driver circuit 12, and FIG. 7 is a diagram showing 
waveforms at various points of the driver circuit 12 shown 
in FIG . 6 . 
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Referring to FIG. 6, designated by Qa, Qb, Qc and Qd 
are metal - oxide - semiconductor (MOS) transistors, designated 
by Ls are level shifters for outputting a gate voltage of a 
specific level to gates of the MOS transistors Qa and Qb, 
and designated by I are inverters (NOT gates) for 
outputting a gate voltage to gates of the MOS transistors 
Qc and Qd. Also, designated by Di are diodes for absorbing 
a surge voltage occurring between a drain and a source of 
each of the MOS transistors Qa, Qb, Qc, Qd at their turn- 
off point . 

When the pulse drive signals 1H and 2H are entered 
into the driver circuit 12 through input terminals INI and 
IN2, respectively, voltage signals (pulses) shown in FIG. 7 
occur at points A, B, C and D. When the signals at these 
points A, B, C, D are at a High level, the corresponding 
MOS transistors Qa, Qb, Qc, Qd to which the High level is 
supplied as the gate voltage conduct. When the signals at 
these points A, B, C, D are at a Low level, the 
corresponding MOS transistors Qa, Qb, Qc, Qd turn off. 
Thus, the driver circuit 12 outputs voltage signals shown 
in FIG. 7 from output terminals 0UT1 and 0UT2 . A 
difference between these two output voltages (expressed as 
0UT1-0UT2 for the sake of explanation) is used as the 
reference signal which is shown in FIG. 5E. 

If the on-duty ratios of the pulse drive signals 1H, 
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2H entered through the respective input terminals INI, IN2 
are increased, on-time of the transistors Qa, Qb increases. 
In other words, positive and negative voltage periods of 
the reference signal, or a total period of time during 
which the reference signal is other than 0 volts, are 
prolonged as a result of an increase in the on-duty ratios. 

As a pulse-duration-modulated reference signal is 
passed through the transmit- side matching circuit 19a 
during its positive and negative voltage periods, there is 
generated a driving pulse signal formed of an analog 
carrier drive signal of which envelope is controllably 
shaped as illustrated in FIG. 5F. 

In this embodiment, each of the transducer elements 10 
is driven by the driving pulse signal thus generated, in 
which each successive driving pulse is shaped into a curved 
waveform having a gradually rising leading-edge portion and 
a gradually falling trai 1 ing - edge portion as shown in FIGS. 
5F and 18A. It is possible to suppress or reduce undesired 
frequency components radiated from a transducer as shown in 
FIG. 18B by driving the individual transducer elements 10 
with driving pulses having gradually sloped rising and 
falling portions. Therefore, even when a transmitting 
frequency fo of a scanning sonar installed on own ship is 
close to a transmitting frequency fi of a scanning sonar 
installed on another ship near own ship as shown in FIG. 8, 



- 28 - 



it is possible to suppress influence of undesired frequency 
components of an ultrasonic signal transmitted from the 
scanning sonar on one ship on an ultrasonic signal received 
by the scanning sonar on the other ship. In other words, 
it is possible to prevent such a phenomenon that the 
undesired frequency components of the ultrasonic signal 
transmitted from the scanning sonar on one ship are 
received as target echoes by the scanning sonar on the 
other ship. This helps prevent reception of false target 
echoes from nearby ships and ensure exact detection of true 
target echoes . 

The foregoing embodiment also serves to suppress 
influence of spurious components of frequency response 
(transfer function) of the t r an smi t - s i de matching circuit 
19a inserted in a preceding stage of the transducer element 
10. In other words, the aforementioned configuration of 
the present embodiment makes it possible to prevent 
interference caused by the spurious components of the 
frequency response of the transmit - side matching circuit 
19a, because frequency components of the driving pulse 
signal of FIG. 18A other than its center frequency are much 
suppressed as shown in FIG. 18B. 

As a result, the occurrence of ringing is suppressed 
and the scanning sonar can obtain precise target echoes 
including echoes from nearby targets, such as bottom echoes 
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in shallow areas. 

The carrier drive signal generating circuit 21 
controls the amplitude of the carrier drive signal supplied 
to each transducer element 10 together with the amount of 
time delay based on weight information fed from the 
transmit DSP 25 in such a manner that the carrier drive 
signals supplied to the individual transducer elements 10 
have prescribed amplitudes. Since the amplitudes of the 
carrier drive signals are varied, or weighted, for the 
individual transducer elements 10 in this way, it is 
possible to control directivity of the transmitting beam 
formed by the entirety of the transducer elements 10 
arranged on the surface of the transducer. 

It is therefore possible to give high directivity to 
an ultrasonic transmitting signal emitted from the 
transducer and suppress the occurrence of side lobes at the 
same time. This enables the scanning sonar to obtain a 
distinct single echo from a single target and thereby 
achieve successful detection of target echoes. 

While the invention has so far been described with 
reference to a single - frequency system in which the 
transducer emits the ultrasonic transmitting signal on a 
single frequency, the aforementioned arrangement of the 
invention is applicable to a system designed to transmit on 
multiple frequencies as well. 
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Here, a scanning sonar capable of emitting ultrasonic 
transmitting signals at two different frequencies is taken 
as an example. In such a dual - frequency scanning sonar, 
the ultrasonic transmitting signal of a first frequency is 
used for horizontal scan mode, in which areas around a 
transducer are horizontally scanned, while the ultrasonic 
transmitting signal of a second frequency is used for 
vertical scan mode, in which a vertical cross section of 
underwater situation in a particular azimuth is vertically 
scanned . 

In one form of the invention, the dua 1 - f r equency 
scanning sonar alternately radiates the ultrasonic 
transmitting signal of the first frequency for the 
horizontal scan mode and the ultrasonic transmitting signal 
of the second frequency for the vertical scan mode at 
successive pulses of the driving pulse signal as depicted 
in FIG. 9A. The scanning sonar thus structured can scan in 
both horizontal and vertical directions substantially at 
the same t ime . 

If the memory map of FIG. 3 is rewritten as shown in 
FIG. 10, the aforementioned structure of the dua 1 - f r equency 
scanning sonar makes it possible to generate driving code 
data suited to the two frequencies for the alternating scan 
modes defining controlled amounts of time delays for the 
individual channels 100. 
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In another form of the invention, the dual - frequency 
scanning sonar radiates ultrasonic transmitting signals 
(carrier drive signals) of the two frequencies in a 
combined form as shown in FIG. 9B. To generate a combined- 
frequency waveform as shown in FIG. 9B, an envelope of a 
single driving pulse should have multiple peaks and 
valleys, not crossing a zero level at the valleys. In this 
scanning sonar, the control signal is produced on condition 
that there is made an interval corresponding to at least 
twice the clock pulse repetition interval (2T) between any 
successive pulses of the aforementioned pulse drive signals 
1H and 2H, and there is provided an additional circuit in 
the aforementioned driver interface 11 for deleting the 
leading edge of one clock pulse. With this circuit 
configuration, it is possible to generate pulse drive 
signals 1H and 2H as shown in FIGS. 11A and 11B, in which 
broken lines represent original waveforms before the 
leading edge of one clock pulse is deleted, and solid lines 
represent the combined - frequency waveform produced by 
deleting the leading edge of one clock pulse. 

A reference signal and a carrier drive signal shown in 
FIGS. 11C and 11D, respectively, are generated from these 
pulse drive signals 1H, 2H. Then, a driving pulse signal 
combining the aforementioned two frequencies is produced 
with a controllably shaped envelope. 
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While the reference signal is pulse - dura t ion - modulated 
such that the amplitude of the carrier drive signal 
corresponds to the length (duration) of each single pulse 
of the reference signal in the foregoing embodiment as 
depicted in FIGS. 5A through 5F, it is possible to use an 
alternative PDM method which is shown in FIGS. 12A and 12B. 

FIGS. 12A and 12B are time charts showing a 
relationship among a clock signal, a control signal, 
decoded values of the control signal, a carrier signal, 
pulse drive signals 1H and 2H, a reference signal and a 
carrier drive signal. The content of the control signal of 
FIG. 12A differs from that of FIG. 12B, so that the 
amplitude of the carrier drive signal of FIG. 12A differs 
from that of FIG. 12B correspondingly. 

The pulse drive signals 1H, 2H are generated based on 
the clock signal formed of pulses occurring at intervals of 
a specific pulse repetition period and the control signal 
made up of specific binary values 0 and 1 as illustrated in 
FIGS. 12A and 12B. Pulse durations of the pulse drive 
signals 1H, 2H, or the length (duration) of each "1" (High) 
state period of the pulse drive signals 1H, 2H, are 
controlled by according to the decoded values of the 
control signal in each successive fixed pulse repetition 
period of the carrier signal which includes a specified 
number of pulses of the clock signal. 
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Durations of Vb and -Vb levels of the reference signal 
are determined by controlling the pulse drive signals 1H, 
2H as described above. The reference signal is pulse- 
duration -modulated in such a way that portions of the 
reference signal where the Vb level lasts for a relatively 
long period correspond to portions of the carrier drive 
signal where it takes a positive level of great magnitude, 
portions of the reference signal where the -Vb level lasts 
for a relatively long period correspond to portions of the 
carrier drive signal where it takes a negative level of 
great magnitude, and portions of the reference signal where 
the Vb and -Vb levels last for approximately the same 
period correspond to portions of the carrier drive signal 
where its level is 0. 

FIG. 12A represents a case where the decoded values of 
the control signal are greatly varied over successive pulse 
repetition periods of the carrier signal. In contrast, 
FIG. 12B represents a case where the decoded values of the 
control signal are not varied so much over successive pulse 
repetition periods of the carrier signal. It is possible 
to control the amplitude of the carrier drive signal by the 
aforementioned PDM method based on the control signal 
generated as described above. 
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